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Abstract 
Condltlons for the electrochermcal generatlon of cobaltiII1) m acetlc acid-perchlorate me&a were determmed 
The current effxxency depended on the current density at the workmg electrode and on the amounts of water or 
acetlc anhydnde m the solution The stability of cobalt(III) decreased Hrlth mcreasmg content of water and perchlonc 
acid 111 the solution, but increased wth mcreasmg content of acetlc anhydnde The blamperometrlc system arlth the 
electrodes unmersed m a solution of sodmm perchlorate, cobalt(B) and cobaMII1) m acetic acid, m the presence of a 
defimte amount of water, behaved as an electrochermcal oscdlator Coulometrtc tltratlon methods were developed for 
the determmatlon of reducmg substances wth cobalt(III), the end-pomt bemg detected by the blamperometnc and 
potentiometmz methods Errors m the determmatlons were less than f 2% 
Keywords Amperometry, Coulometry, Potentrometry, Tltrnnetry, Cobalt, Electrochemical generation 
Cobalt(II1) perchlorate 1s a very strong omdant 
[l-5] In analytical chenustry, however, it 1s not 
widely used because of its reactlon with water 
accompanied by the evolution of oxygen [4,6,7] 
This reagent has been used successfully only for 
the determmatlon of lodldes 181, brormdes [8], 
ascorbic acid 191 and iron(U) sulphate [9] by direct 
titration and of benzldme [9] and o-tohdme [9] by 
back-tltratlon Conditions for the stolchlometnc 
reactlon of cobalt(II1) with hydroqumone [lo], 
hydromlamme 1111 and hydrazolc acid [12] have 
also been described 
Cobalt0111 perchlorate 1s mostly obtained by 
the electrochemical oxldatlon of cobalt(U) per- 
chlorate m solutions of suitable composltlons 
[1,3,8-131, but also ozonolysls of the cobalt(I1) 
perchlorate m perchlonc aad [14,15] and double 
decomposition from cobalt0111 sulphate [16,17] 
or cobalt0111 carbonate [13], have been used In 
anodlc oxldatlon of cobalt(H) the current effl- 
clency decreases wrth increase m the current den- 
sity at the workmg electrode 
Condltlons for the electrochenucal preparation 
of cobalt(II1) acetate complexes m acetlc acid 
were described by Bud&n&y et al m 1971 1181, 
but the anodlc oxldatlon of cobalt(H) acetate wth 
a high current efficiency was only recently suc- 
cessfully achieved m alkaline acetate solutions m 
the aforementioned solvent [19] 
The aim of this work was to establish condo- 
tlons for the quantitative lectrochemical genera- 
tion of cobalt(II1) m sodium perchlorate solutions 
m acetic aad, saturated wth cobalt(H), to mvestl- 
gate the properties of the cobalt(III)-cobalt(H) 
redox couple m the aforementioned supportmg 
electrolytes and to develop coulometnc titration 
methods for the determmatlon of reducmg sub- 
stances by the generated oxidant 
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EXPERIMENTAL 
The apparatus for the anodlc generation of 
cobalt(II1) and for the coulometrlc tltratlon wrth 
bramperometrlc (amperometry with two mdlcator 
electrodes m same solution [201) end-pomt detec- 
tion has been described elsewhere [211 The an- 
ode of the generator clrcult was a platinum spiral 
with a surface area of 20 cm2 The indicator 
electrodes were platmum Hnres of 0 2 cm2 surface 
area and normally polarrzed ~rlth a potential df- 
ference from 500-1000 mV, but m mvestlgatmg 
the stab&y of cobalt(II1) m the solution by the 
bmmperometic method, potential differences up 
to 1400 mV were used The end-pomt m conven- 
tional potentlometry was detected with a plat- 
mum gauze electrode and a mercury-mercury(I) 
acetate reference electrode, connected to a Ra- 
dlometer PHM26 mV-meter Current-potential 
curves at the workmg platmum anode m solutions 
of suitable composttlon were recorded by the 
bridge method 
The chermcals used were of analyt&-reagent 
grade from Merck Water was removed from these 
chemicals by previously desmbed procedures [22] 
so- 
zo- 
Before use cobalt(U) acetate (co(CH,COO), 
4H,O) was treated wth acetic anhydride [191 
As supportmg electrolyte (catholyte), 0 1-O 3 
M solutions of sodium perchlorate m acetic acrd 
were used The anolyte was prepared by saturat- 
mg the relevant supportmg electrolyte with anhy- 
drous cobalt(I1) acetate, the solubrhty of which is 
relatively low (m 0 2 M sodium perchlorate solu- 
tlon m acetic acid at 23 O C, the solublllty 1s 0 0194 
M) Its solubUy, however, is mcreased on the 
addition of perchlonc acid The exact concentra- 
tion of cobaltiI1) m the solution was determmed 
by titration Hrlth EDTA [23] 
Standard 0 01-O 001 M solutions of test sub- 
stances were prepared by accurate welghmg 
Procedures 
Coulometrlc titrations of the investigated sub- 
stances wth electrogenerated cobalt(II1) were 
performed accordmg to the followmg procedures 
(Ia) A suitable volume of the test solution was 
measured into the anode compartment and the 
tltrant was generated contmuously The end-pomt 
was detected by the blamperometric method 
I * 
zool E(mV) 
Fig 1 Current-potential curves at the platmum anode 111 (1) 0 2 M sodmm perchlorate solution m acetic acid, and m the same 
electrolyte after the adktum of (2) cobalt(II), (3) ascorbic acid, (4) hydroqumone and (5) 2-methylhydroqumone 
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(Ib) A suitable volume of the sample solution 
was added to the anolyte before the tltratlon, and 
cobalt(II1) was generated contmuously until the 
end-pomt was almost reached The tltrafion was 
completed with &scontmuous generatlon of 
reagent (7-30 s at a current of 200-50 /LA) In 
potentlometrlc end-point detectlon the reagent 
was generated dlscontmuously durmg the whole 
tltratlon (at the begmnmg m larger mcrements 
and m the vlcuuty of the end-pomt m small 
mcrements) 
(II) A known volume of the sample solution 
was added to the anolyte after 95-97% of the 
theoretically requn-ed amount of the oxidant had 
been generated and the tltratlon was completed 
with drscontmuous generation of the reagent m 
small amounts The end-pomt was detected by 
the blamperometnc or the potentlometrrc 
method 
RESULTS AND DISCUSSION 
First the current-potential curves at the anod- 
lcally polarrzed platinum workmg electrode m 
solutions of sultable composlhon were recorded 
The curves obtamed (Fig 1) showed that cobalt- 
(II) was oxldlzed at a more negative potential 
than the supportmg electrolyte, and that the m- 
vestlgated substances were omdlzed at even more 
negattve potentials than the blvalent cobalt, mdl- 
catmg then possible oxldatlon Hrlth the generated 
tltrant 
The amount of the electrochenncally gener- 
ated cobalt(II1) and the current effxlency were 
FU 2 Absorptmn spectra of (1) 0 2 M sodium perchlorate solution m acetic acid saturated wth cobah acetate and (2) after the 
eiectroagdatlon of EobaMII) at a platmum electrode 
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determined by tltratmg the anolyte wtth standard 
hydroqumone solution munedlately after the pas- 
sage of a defimte amount of electnclty, and by 
coulometrlc tltratlon of the hydroqumone solu- 
tion accordmg to procedure II The results ob- 
tamed showed that the oxldatlon of cobaltiI1) at 
the platmum anode with currents varymg from 50 
to 1000 PA, m 0 2 M sodmm perchlorate solution 
saturated with cobaltSI1) acetate, proceeded mth 
88-93% current effiaency, when 1 C was passed 
through 15 0 cm3 of the anolyte These reduced 
effiaencles may be explamed by the reaction of 
generated cobalt(II1) Hrlth water present m the 
solution The latter was confumed by adding d& 
ferent amounts of water to the anolyte before 
generatmg the reagent, it was found that under 
identical workmg conditions, with mcreasmg wa- 
ter content m the solution the current effklency 
was decreased For example, m the generation of 
cobalt(II1) wth a current of 200 PA 111 the pres- 
ence of 2 0% of water, the current efficiency was 
only about 60% The effect of water IS less pro- 
nounced when it IS added to the anolyte after the 
generatlon of the reagent, 1 e , munedlately be- 
fore the titration of the anolyte wth standard 
hydroqumone solution 
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By the addltlon of 0 5-10 0% of acetic anhy- 
dnde to the anolyte before generatmg the reagent, 
the current efficiency was only slightly Increased 
@O-96%), probably owmg to the dllutlon effect 
If, however, the anolyte 1s prepared m an acetlc 
acid-acetic anhytide mucture, quantitative gen- 
eratlon of cobalt(II1) can be aclueved m the pres- 
ence of 6-10% of acetic anhydnde Thus, for 
example, m the presence of 7 0% of acetic anhy- 
dnde cobalt(II1) may be generated mth a high 
current efflclency at a current of 50-500 PA m 
the generator circuit 
The vanatron of cobalt(III) concentration as a 
function of time m solutions of various ComposI- 
tlon was followed spectrophotometncally Ab- 
sorption curves of the anolyte were recorded m 
the presence of cobalt(I1) and after cobalt(II1) 
generation (Fig 2) The stablhty curves of cobalt- 
(III) recorded at 350 nm (Fig 3) showed that vvlth 
an Increase m water content m the solution, the 
stab&y of cobalt(II1) was decreased, and that 
mth an Increasing amount of acetlc anhydnde, Its 
stablhty was mcreased. In the presence of & 5% 
of acetic anhydride, the concentration of 
cobalt(II1) m the solution remamed unchanged 
Curves of sumlar shapes were also obtained when 
065 
I I 
0 60 120 t (mm) 
Fig 3 changes WA me of the concentratron of cobalt(W) m 0 2 M sodmm perchlorate solution m acetlc acid after the addition 
of (0 0 5% water, (2) 2 0% water, (3) 5 0% water, (4) 0 5% acetlc anbydnde, (5) 2 0% acetIc anhydnde, (6) 5 0% acetlc anhydnde 
and (7) 0 02% M perchlonc aad + 0 075% water Concentration changes were followed spectrophotometncally at 350 nm 
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Fig 4 Current oscdlafions m the tuamperometnc system Hilth the electrodes umnersed m 0 2 M sodium perchlorate solution m 
96% acetlc acid m the presence of 2 08 x lo-’ M cobalt(I1) and 6 63 x low4 M cobalt(III) at 25 ’ C The electrodes were polarized 
by a potential cbfference of 1OOU mV 
followmg the stab&y of cobalt(II1) solutions by 
the blamperometrlc method, polanzmg the elec- 
trodes with a potential dtierence of up to 750 
mV If, however, the electrodes of the bmmpero- 
metnc cmxut were polarized with a potent& 
difference greater than 1000 mV, after the 
cobalt(II1) generation m the presence of 0 5-6% 
of water, current maxuna and mmrma appeared 
penodlcally, 1 e , the system behaved as an elec- 
trochemical oscillator (Fig 4) The amplrtudes of 
the current osallatlons were maximum III the 
presence of l-3% of water In the absence of 
water and when its content was more than 6%, 
the current osclllatlons disappeared Smular phe- 
nomena have not been observed during spec- 
trophotometnc or potentlometnc mvestlgatlons 
of the stability of cobaltUI1) solutions m acetic 
aad-perchlorate media 
Coulometnc tltratlons 
Hydroqumone was used as the reference sub- 
stance As hydroqumone 1s rapidly and quantlta- 
tlvely oxldlzed to qumone with cobalt(II1) 
[10,19,24], conditions for rts coulometrlc titration 
were mvestlgated m detail The shape of the 
blamperometnc urves obtained (Fig 5) showed 
that m sodnun perchlorate solution m acetlc acid 
the hydroqumone-qumone r dox couple behaved 
reversibly, whereas after the end-point was 
passed, 1 e , m the presence of the cobalt(III)- 
cobalt011 system, the current was only shghtly 
increased From Table 1 It can be seen that 
procedures Ia and Ib afforded good results in the 
generatlon of cobalt(II1) 111 acetic acrd-perchlo- 
rate media at currents ranging from 50 to 200 
PA, and that the results obtained by procedure 
Ia were higher than those obtained by Ib The 
latter effect 1s probably due to a slow reaction 
rate between the t&ant and the t&ant at their 
low concentrations With mcreasmg current m 
the generator circuit, the results became higher 
The error of the determmations was also m- 
creased on decreasmg the amounts of hydra 
qumone in the solution being analysed The high 
titration efficiency [251 vvlth electrogenerated 
cobaltiII1) m acetic aad-perchlorate media was 
also confirmed by tltratmg 2-methylhydroqumone 
and ascorbic acid by coulometnc procedures al- 
ready described The high results obtamed by 
procedure II are probably due to the mstablllty of 
I 
b I 
* 
60 lb tGnn) 
Fig 5 Ebamperometnc tdratlon curve obtamed m the WUIO- 
metnc detemunation of hydroqumone wth electrogenerated 
cobalt(III) m 0 2 M &urn perchlorate solution tn acetlc acid 
saturated with cobalt(U) acetate 
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TABLE 1 
Coulometnc htratlons of reducmg substances unth electrogenerated cobalt(III) m 0 2 M sodmm perchlorate solution m acetlc acid 
Substance 
Hydroqumone 
2-Methylhydroqumone 
Ascorbrc acid 
Taken No of 
(n& tltratlons 
0 276 5 
0 276 4 
0 545 6 
0 552 5 
0 130 5 
0 130 5 
0 070 5 
0 070 5 
0 035 5 
0 035 5 
0 552 5 
0 552 5 
0 554 6 
0 550 5 
0 550 4 
0 550 3 
0 552 4 
0 620 6 
0620 5 
0308 5 
0 308 5 
0 089 5 
0 089 5 
:IrA) 
50 
50 
100 
100 
100 
100 
100 
100 
100 
100 
200 
200 
200 
300 
400 
500 
600 
100 
100 
100 
100 
100 
100 
Procedure End-pomt 
Ia Blamp 
Ib Blamp 
Ia Blamp 
Ib Bmmp 
Ia Bmmp 
Ib Bmmp 
la Bmmp 
Ib Blamp 
Ia Blamp 
Ib hamp 
Ia Bmmp 
Ib B~amp 
Ib Poten 
Ib Bmmp 
Ib B~amp 
Ib Blamp 
Ib Blamp 
Ib Bnunp 
Ib Poten 
Ia Bnimp 
Ib Bmmp 
Ia Bmmp 
Ib Blamp 
Recovery 
(o/o) B 
1001*04 
99a*o4 
1002*09 
996&-04 
1008+01 
1004*06 
1001*02 
989f02 
1001~08 
1002f15 
1005f07 
995fll 
999*13 
1026+09 
1039*09 
1055f15 
1069*14 
1003f02 
1007f05 
1015 f 10 
1007f07 
992&01 
990f04 
a Mean f standard devlatlon 
cobalt(II1) m the presence of traces of water m 
the solution All titrated substances reacted wth 
the reagent m a 1 2 molar ratio 
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